University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Honors Theses, University of Nebraska-Lincoln

Honors Program

Spring 3-7-2022

Design of a Week-Long Introduction to Engineering Summer
Camp to Increase Interest and Eagerness of STEM in Young
Children
Beth Cannon
University of Nebraska - Lincoln

Follow this and additional works at: https://digitalcommons.unl.edu/honorstheses
Part of the Elementary Education Commons, Engineering Commons, and the Other Education
Commons

Cannon, Beth, "Design of a Week-Long Introduction to Engineering Summer Camp to Increase Interest and
Eagerness of STEM in Young Children" (2022). Honors Theses, University of Nebraska-Lincoln. 394.
https://digitalcommons.unl.edu/honorstheses/394

This Thesis is brought to you for free and open access by the Honors Program at DigitalCommons@University of
Nebraska - Lincoln. It has been accepted for inclusion in Honors Theses, University of Nebraska-Lincoln by an
authorized administrator of DigitalCommons@University of Nebraska - Lincoln.

DESIGN OF A WEEK-LONG INTRODUCTION TO ENGINEERING SUMMER CAMP TO
INCREASE INTEREST AND EAGERNESS OF STEM IN YOUNG CHILDREN.

An Undergraduate Honors Creative Project
Submitted in partial fulfillment of
University Honors Program Requirements
University of Nebraska-Lincoln

By
Elizabeth Cannon, B.S.
Mechanical Engineering
College of Engineering

March 7, 2022

Faculty Mentor:
Amy Lehman, Ph.D., Mechanical Engineering

2

Table of Contents
Abstract ........................................................................................................................................... 4
Acknowledgment ............................................................................................................................ 5
Rationale ........................................................................................................................................ 6
INTRODUCTION .................................................................................................................................... 7
WHAT IS ENGINEERING ...................................................................................................................... 7
WHY TEACH ENGINEERING TO KIDS .............................................................................................. 8
HOW TO TEACH ENGINEERING TO KIDS........................................................................................ 9
CONCLUSION ....................................................................................................................................... 11

Camp Curriculum ........................................................................................................................ 12
Day 1: What is Engineering? .................................................................................................................. 13
Day 2: Mechanical Engineering ............................................................................................................. 14
Day 3: Environmental Engineering ........................................................................................................ 17
Day 4: Civil Engineering ........................................................................................................................ 20
Day 5: Electrical Engineering ................................................................................................................ 22
Day 6: Chemical Engineering................................................................................................................. 23
Day 7: Engineering Design..................................................................................................................... 25

Appendix ....................................................................................................................................... 27
Day 1 Feelings Worksheet ...................................................................................................................... 28
Day 2 Simple Machines PowerPoint ...................................................................................................... 29
Day 2 Simple Machines Worksheet........................................................................................................ 36

3
Day 3 PowerPoint ................................................................................................................................... 37
Day 5 Activity ......................................................................................................................................... 44
Day 6 Activity ......................................................................................................................................... 53
Day 7 Engineering Design Worksheet.................................................................................................... 59

Rationale Works Cited ................................................................................................................. 60
Curriculum Works Cited.............................................................................................................. 61

4
Abstract
For this creative project, a one-week camp curriculum was designed for elementary students
(Grades 3-5) to introduce engineering. This work includes a rationale and camp curriculum. The
rationale describes the research-based design of the curriculum. It outlines engineering basics
and why and how to teach engineering to young students. The curriculum intends to introduce
engineering to young children and excite the possibility of a future career. The following
engineering disciplines are presented throughout the week of camp: mechanical, environmental,
civil, electrical, and chemical. The first day of camp focuses on the basics of engineering.
Following that, each day of camp focuses on a different discipline of engineering, and on the
final day, the engineering design concept is explored. The club curriculum includes daily
objectives, materials, and activities. Each day discipline-specific information will be taught and
then practiced by the campers through participation in daily group or individual activities or
mini-projects. These activities encourage campers to apply new knowledge and broaden their
teamwork, creativity, and problem-solving skills. After each activity, campers will be asked to
reflect on the activity that day and talk about what they learned from the hands-on experience.
The curriculum primarily focuses on hands-on activities to facilitate student engagement and
learning and emulate an engineer’s life.

Keywords: Engineering Camp, hands-on experience, engineering design, problem-solving skills
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INTRODUCTION
This review explains the rationale for designing an engaging engineering summer camp
for young students. Often, students are not introduced to engineering at a young age causing
disinterest in pursuing a career in engineering. The purpose of creating an engineering summer
camp for children is to introduce young children to engineering in the world they live in through
discussion and hands-on learning. Having access to an introduction to engineering camp will
provide young students the opportunity to be exposed to unfamiliar career paths. Children are
inherently curious, so it is important to nurture that and present these concepts at a young age to
provoke more interest and excitement towards engineering. In doing so, hands-on learning can
foster problem-solving skills, creativity, and teamwork. Hands-on experience allows students to
learn about engineering actively and apply newly discovered concepts to real life. Students are
more likely to be engaged in the material and retain more information when they can
dynamically practice what they have learned. Hands-on experience also allows the students to
naturally enhance their collaboration and problem-solving skills. The rationale explains the
research behind the basis of the curriculum format.
WHAT IS ENGINEERING
What is an engineer? When posing this question to a young student, a typical response is
“they drive the train” or “they build stuff.” Both are accurate answers; however, they are simple.
Although many definitions exist, an engineer generally designs, builds, and maintains systems
and components. Engineers apply their knowledge to problem solve, bring innovative solutions
and make systems work more efficiently, i.e., engineering. Engineering is the application of
mathematical and scientific information to design, build, and maintain systems and components.
Engineering is a vast field and comprises of many different disciplines, from mechanical and
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civil to environmental and chemical. Engineering is never a stagnant career; it’s an everchanging and exciting field to pursue.
WHY TEACH ENGINEERING TO KIDS
In the United States, nine out of the ten fastest-growing occupations require math or
science training (Jones & Stapleton, 2017). Employers in traditional and nontraditional STEM
fields seek candidates with STEM knowledge (Jones & Stapleton, 2017). Engineers are in high
demand across various industries, from manufacturing and construction to consulting and
finance. This is because engineering education focuses on problem-solving and creative skills.
Engineers learn to be problem solvers and innovators. They provide infrastructure and are
involved in all aspects of the market. A workforce must be experienced in different STEM skills
to keep up with advancements in technology and knowledge. To advance economic growth and
improve products and services, employers hire engineers for the way they are trained to reason
and problem solve. However, the lack of engineering education at a young age prevents interest
in pursuing an engineering or STEM-related career. Only 2% of high school graduates in the
United States choose to pursue an engineering degree predominantly because they do not know
what engineering is or what engineers do (Cheng, 2008). Introducing engineering to young
children allows students to realize the value of engineers and become more enthusiastic about the
potential of pursuing a career in engineering. With the positive promotion of engineering, adults
can influence students’ direction and contributions in shaping the future (Cheng, 2008).
Problem-Based Learning (PBL) is a pedagogy in which students learn through experience
with solving complex real-world, open-ended problems. Although it does not typically improve
test scores, PBL positively influences students’ attitudes and study habits (Prince, 2004).
Additional benefits, information retention, and critical thinking skills are enriched. Problem-
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based learning further develops communication skills, teamwork, essential skills of evaluation,
and task management (Sarı et al., 2018). Why is PBL important to introducing engineering? PBL
promotes student learning through engagements and problem-solving on their own rather than
being lectured at. Engineering is centered around problem-solving and learning through personal
experience. PBL utilizes children’s natural curiosity to solve engineering problems on their own.
Children not only develop individual skills but also develop skills fundamental to engineering. A
similar concept to PBL is Learning By Design (LBD). Making one’s design ideas work promotes
students to identify incomplete and poor conceptions of science and work through such
conceptions (Kolodner, 2002). The iterative nature of design provides opportunities to be
creative and approach problems with a new lens; the collaborative nature of design promotes the
enrichment of teamwork and communication (Kolodner, 2002). Students’ perceptions of STEMrelated careers positively change with design learning. Presenting engineers as people who solve
everyday problems has been connected to increased interest in engineering careers (Schunn,
2009). Using engineering PBL and LBD concepts to solve problems reinforces the discernment
of engineers and engineering careers.
Teaching young students engineering through design allows them to explore engineering
skills and create innovative solutions by following a design process. Children get insight into
engineering as a career through exposure to real-world engineering applications by building and
testing their designs. An engineering youth camp encourages students to consider and become
enthusiastic about engineering careers by providing fun hands-on projects.
HOW TO TEACH ENGINEERING TO KIDS
To introduce young students to engineering, starting with the basics is the most sensible
route. The curriculum below describes a different engineering discipline each day, presenting the
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most general engineering fields and the engineering design process. Design in engineering is
often explained as problem-solving. How does one cultivate problem-solving skills in young
students? Students can problem-solve and generate solutions to real-world applications through
innovative hands-on design projects. Students gain exposure to engineering by finding solutions
to various design projects. Hands-on engineering projects encourage students’ curiosity about
how things work by using an engineering design process to discover inventive solutions. Design
can be used as a motivator for learning fundamental skills and concepts of engineering because
students find design engaging (Schunn, 2009). Design problems are highly motivating for
students because they have a personal stake in whether their design is successful.
Choosing projects or activities is essential in creating a camp curriculum. If students are
not particularly interested in engineering, activities that have a high engagement factor will open
them up to the possibilities of STEM (Davis & Hardin, 2013). Engaging activities primarily
consist of hands-on experience and exploring their solutions. Not only will high engagement
activities promote involvement, but they will also promote student learning and retention
(Kolodner, 2002). A curriculum that provides understanding by doing experience is more
successful than presenting the information. PBL improves students’ mindsets because the
activities are more enjoyable and encourage engagement to create solutions. Activities allow
students to learn more permanently, relate to daily life, and learn by doing and experiencing (Sarı
et al., 2018). It is essential to teach the concepts of each design activity. However, when these
concepts are introduced can affect student performance. Design problems inherently create
powerful motivation to learn and solve problems, so presenting concepts beforehand can
potentially eliminate that motivator (Kolodner, 2002). This idea is implemented into a few days
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of the curriculum below. Specific activities will be introduced after learning about the concepts
for the day because, without background knowledge, students can lack ideas for their design.
The engineering design process to young students is also a central key concept to include
in an introduction to engineering camp. The engineering design process is described as follows:
identify the problem, research the problem, generate solutions, select solution, build a prototype,
test, evaluate the prototype, and improve as needed. The iteration process enhances the design
and provides opportunities for understanding engineering concepts and skills (Schunn, 2009).
The engineering design process encourages students to learn through failure by iterating
unsuccessful designs. The design process encourages teamwork and productive communication
skills.
CONCLUSION
The camp curriculum below intends to introduce engineering to young students and
excite the potential of a future career. The lack of knowledge results in young students' lack of
interest in an engineering career. Introducing engineering using a project and design learning
method will improve interest in engineering and transform young students' misconceptions. By
introducing engineering earlier, children will be exposed to a potential career they may never
have known of and hold excitement for opportunities to shape the world.
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Camp Curriculum
Introduction to Engineering Camp
Design for Grades 3-5

By Elizabeth Cannon
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Day 1: What is Engineering?
Objective(s): This lesson plan aims to introduce the basics of engineering and eliminate any
misconceptions the campers may have.
Introductions/ice breaker: What is your name? What is your favorite dessert?
Length of Activity: 1 hour
Materials:
•

Pens or pencils

•

Paper

Activity:
1. To gauge the campers’ feelings about engineering, hand out the worksheet for them to
complete and collect it once finished.
2. Hand out pencil and paper. Give the campers a few minutes to write down what they
think an engineer is.
3. Allow them to discuss what they have written down in small groups. Have the small
groups write a collaborative description in one to three sentences.
4. Have an open discussion with them about their descriptions.
a. Address different stereotypes of engineering
5. Describe to the campers what an engineer is and what they do.
6. Show them the following Crash Course Kids video:
https://www.youtube.com/watch?v=owHF9iLyxic
7. Have the campers reflect on their original descriptions. Have them discuss in their small
groups how they would change their description in their small groups.
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Day 2: Mechanical Engineering
Objective(s): This lesson plan aims to introduce Mechanical Engineering by learning about
simple machines.
Ice breaker: Do you have any hidden talents?
Length of Activity: 2 hours
Materials:
•

Simple Machines Worksheet

•

Activity 1
o Binder clips
o Duct tape
o Small planks of wood (about 1 ft. long)
o Small objects for loading

•

§

Marbles

§

Small Erasers

Activity 2
o Two large pieces of cardboard
o Marker
o Marbles
o Duct tape
o Plastic cups

•

Activity 3:
o Empty toilet paper rolls
o Chopstick cut into 4-inch length pieces
o Plastic caps with holes drilled in the middle
o Glue
o Markers and stickers to decorate.

Mechanical Engineering Lesson:
1. Talk to campers about what Mechanical Engineers (MEs) do:
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a. MEs learn a lot about math and science. Be sure to explain that it is more than
what comes to mind when thinking about math and science. It is using those
concepts to learn about how things work, move, and analyze system designs.
b. MEs learn about heat, fluid flow, and other forms of energy.
2. Talk about why MEs are important:
a. Imagine a world without the following:
i. Cars and other vehicles
ii. Kitchen appliances
iii. Elevators
iv. Products made through manufacturing
b. Discuss what would that world look like. How would this affect other aspects of
life?
3. Talk about simple machines using the Day 2 presentation.
4. Hand out the Simple Machines Worksheet for campers to complete in groups.
5. Discuss the answers to the worksheet.
6. Introduce the activity for the day.
Procedure for activity:
The objective of this activity is to expose campers to create a few simple machines from
everyday objects.
1. Lever
a. Find and mark the center of the wood plank.
b. Tape the binder clip tabs on opposite sides of the center.
c. Tape the base of the binder clip onto a table to create a lever.
d. Tape two small cups on each end of the wood plank.
e. Place different objects into the cups to watch the lever move with different loads.
2. Inclined Plane
a. Bend the sides of the cardboard pieces to prevent marbles from rolling off the
sides.
b. Tape one piece of cardboard to the edge of a table or chair and angle it at 30
degrees from horizontal slant.
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c. Place the other piece of cardboard on the floor, allowing the two pieces of
cardboard to overlap at the connection point.
d. This will create an inclined plane and a racetrack for marbles.
e. Draw racing lanes on the cardboard with markers and tape cups to the end of the
lane to represent the finish line.
f. Allow campers to race marbles down the track and have a competition.
3. Wheel and Axle
a. Before the activity: Drill holes to fit chopsticks in the center of bottle caps
b. Allow campers to decorate their empty toilet paper roll.
c. Punch four holes in the toilet paper roll to insert the chopstick as axles.
d. Insert the chopsticks in the holes and glue the plastic caps to each end of the two
chopsticks to create the wheels.
Reflection of activity:
1. Ask the campers to name the 6 simple machines.
2. Ask the campers why engineers use simple machines.
3. Discuss the different machines the campers made (which one was hardest to make, which
one was the most fun, how they would have made them differently, etc.).
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Day 3: Environmental Engineering
Objective(s): This lesson plan aims to introduce Environmental Engineering by learning about
water filtration systems.
Ice breaker: What is your favorite activity to do in the summer?
Length of Activity: 2 hours
Materials:
•

Activity 1
o 2-liter plastic bottles, empty and clean
§

Cut bottles in half beforehand

o Dirty water (DIY with dirt, coffee grounds, tiny foam pieces, and/or oil and water
o Measuring cups
o Spoons
o Stopwatch
o Paper and pencils
o As many of the following filter materials: activated charcoal, gravel, sand, cotton
balls
o Coffee filters
o Paper plates
•

Activity 2
o Tri-fold board or poster boards
o Markers

Activity 1:
The objective of this activity is to create water filters.
1. Campers will create their water filter
2. Campers will each get a bottle and flip the bottle’s top over and place it into the bottom
like a funnel. The funnel top will be used for building the filter
3. Place the coffee filter in the funnel
4. Add the filter materials into the coffee filter
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a. Ask them to think about what order they should layer the materials (bigger filter
materials catch bigger impurities)
5. Have the campers write down the order of materials they placed
6. Pour a cup of dirty water into the filter and start the timer
7. Time and record how long it takes for the water to go through
8. Observe and record what the filtered water looks like
9. Carefully scoop out filter materials one at a time onto a paper plate
a. Between each layer, record what part of the dirty water was taken out
10. Clean the bottle and try with a different order of filter materials
Reflection for activity:
1. Ask campers what they discovered with the two different trials
a. What order worked best?
b. How long did it take for the water to completely drain through the filter?
c. Did the water become clearer with a slower or faster filter time?
2. Points to make
a. The slower the filter is, the better it will work
b. Water slips easily through the larger filter materials and takes longer to move
through finer materials.
c. Activated charcoal should be near the bottom of the filter because it pulls out
particles that are too small to see
Environmental Engineering Lesson:
•

Present the Day 3 PowerPoint

•

Emphasize that environmental engineers typically solve issues related to water, air, and
land quality issues

•

Air quality topics include air pollution and land quality topics include renewable and
nonrenewable resources

Activity 2:
The objective of this activity is to be creative and design a new concept for converting the
environment.
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1. Campers will gather into small groups to brainstorm and design a creative idea to help
conserve the environment
a. Examples include a machine to clean plastic out of the ocean, a new fertilizer to
help the soil, or a way to keep landfills clean
b. The idea should be new, creative, and innovative
2. Campers will create a presentation on a trifold or poster board detailing:
a. Their idea
b. How they will execute it
c. Draw a picture or diagram of their plan
3. Campers will present their new ideas
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Day 4: Civil Engineering
Objective(s): This lesson plan aims to introduce Civil Engineering by learning about structures.
Ice breaker: If you could be any emoji, which one would you be and why?
Length of Activity: 2 hours
Materials:
•

Activity 1
o Uncooked spaghetti noodles
o Marshmallows
o Masking tape

•

Activity 2
o Construction paper
o Tape
o Coins, rocks, or other small objects to use as a weight

Activity 1:
The objective of the activity is to build a tower as high as possible only using spaghetti and
masking tape. The marshmallow must be placed on top of the tower. The tower must stand on its
own.
1. Campers will get into small groups
2. Each group receives: one yard of masking tape, 25 sticks of spaghetti, and a
marshmallow
3. Each group will get 20 minutes to build the tower out of the materials given and nothing
more
4. Materials cannot be replaced
5. Once the groups finish building, determine which structure is the tallest
6. Have the groups discuss what went well and what did not
7. The campers will now get to redesign their structures
Reflection of activity:
1. Ask the campers:
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a. Was building the structure easier the second time? If so, why?
b. What would you do differently next time?

Civil Engineering Lesson:
1. Show the campers the following Crash Course video:
https://www.youtube.com/watch?v=-xbtnz4wdaA
2. Emphasize that Civil Engineers design structures for transportation, buildings, and water
supply
Activity 2:
The objective of this activity is to create a bridge that will withstand the weight of numerous
pennies
1. Campers will get into small groups
2. Each group receives: a few pieces of construction paper, tape, and pennies
3. Place two tables about 10 inches apart to serve as end support for the bridge
4. Have the groups design a bridge from one piece of construction paper
a. They have multiple pieces so they can try different methods of folding that paper
i. They can create walls for the bridge and vary the height of the walls and
width of the base
Reflection for Activity 2:
1. Have the groups share their most successful bridge
a. Have them describe why it was the most successful
i. Hint: the more times you fold it, the stronger it will get
ii. Hint: Vertical walls make the bridge significantly stronger than just a flat
horizontal bridge
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Day 5: Electrical Engineering
Objective(s): This lesson plan aims to introduce Electrical Engineering by learning about power
and electricity.
Ice breaker: Would you rather be invisible or be able to fly?
Length of Activity: 2 Hours
Materials:
•

Potatoes

•

Pennies

•

LED light

•

Galvanized nails

•

Insulated wires with alligator clips

•

Multimeter

Introduce the activity:
•

Show the campers the following Crash Course video:
https://www.youtube.com/watch?v=3nB1Ntku06w

•

Discuss with the campers and come up with a list of what we use in everyday life that
uses electricity

•

Emphasize the Electrical Engineer create and improve electronic devices and equipment

Procedure for activity:
The objective of this activity is to show campers how electricity is created.
1. Follow the instruction for the Potato Power activity.
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Day 6: Chemical Engineering
Objective(s): This lesson plan aims to introduce Chemical Engineering by learning about
transforming materials into other products.
Ice breaker: What is your favorite kind of music?
Length of Activity:2 Hours
Materials:
•

Whole milk

•

White vinegar

•

2-cup glass measuring cup

•

Teaspoon

•

Spoon to stir

•

Microwave

•

Potholder

•

Paper towels

•

Fine mesh strainer

•

Food coloring

Introduce the activity:
1. Explain what Chemical Engineer do:
a. Use science to process raw materials and chemicals into something useful
b. Figure out how to make large amounts of a substance and what it can be used for
i. Different things Chemical Engineers take part in making
1. Clothes
2. Candy
3. Fuel for cars
c. Chemical Engineers find a way to produce thousands of things in a short period of
time
i. Example: Orange juice
1. Can easily make this at home
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2. Chemical Engineers find a way to make thousands of gallons to
distribute it around the world
Procedure for activity:
The objective of this activity is to expose the campers to how Chemical Engineers create useful
products from raw materials.
1. The Campers will make their plastic key chains
2. Follow the instructions for the Day 6 Milk Casein Plastic Project
a. If campers want to make a keychain, poke a hole in the shape with a straw for a
place to loop a keychain hook
3. Send campers home with their keychains to dry
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Day 7: Engineering Design
Objective(s): This lesson plan aims to introduce the engineering design process by designing a
boat that can withstand the weight of rocks.
Ice breaker: What is something you learned how to do this summer?
Length of Activity: 2 hours
Materials:
•

Construction paper

•

Duct tape

•

Straws

•

Scissors

•

Rocks

•

Water-filled tub to test boats

Introduce the activity:
1. Introduce the engineering design process with this video:
https://www.youtube.com/watch?v=fxJWin195kU&list=PLhz12vamHOnZ4ZDC0dS6C9
HRN5Qrm0jHO&index=3
2. Simplify the steps for the campers as: Ask, Research, Imagine, Plan, Create, Test,
Improve
3. Emphasize how the design process can be a continuous loop
4. Have the campers discuss what each step means
5.

Now have them practice the engineering design process

6. Introduce the activity
Procedure for activity:
8. Have small groups of 5 campers design a boat from 2 pieces of construction paper, 12
straws, scissors, and duct tape
9. Give a worksheet to each group to fill out beforehand
10. Hand out supplies and let them design
11. After they finished making their boats, test them in the tub
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12. Place the boat in the tub and start placing rocks in one by one
13. Once the groups finish testing their boats, have the groups discuss what went well and
what didn’t
14. The campers will now get to redesign their boats; however, this time give them a hint: the
key to this design is to not make any cuts in the construction paper
15. Repeat 4-6
Reflection of activity:
3. Ask the campers:
a. Why is looping back through the process after designing important?
b. What is your favorite part of your boat?
c. What would you do differently next time?
4. Re-evaluate their thoughts on engineering with the worksheet from Day 1
a. Compare the Day 1 results with the Day 7 results
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Appendix
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Day 1 Feelings Worksheet
I don’t see positives about making mistakes or struggling to understand something.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

Asking questions is important.
[strongly disagree]

[disagree]

[neutral]

[agree]

[strongly agree]

[neutral]

[agree]

[strongly agree]

[neutral]

[agree]

[strongly agree]

[neutral]

[agree]

[strongly agree]

[agree]

[strongly agree]

[neutral]

[agree]

[strongly agree]

[neutral]

[agree]

[strongly agree]

I know what an engineer is and what engineers do.
[strongly disagree]

[disagree]

I am excited to learn (more) about engineering.
[strongly disagree]

[disagree]

I understand why engineers are important.
[strongly disagree]

[disagree]

One has to be hard-working to go into engineering.
[strongly disagree]

[disagree]

[neutral]

I appreciate how engineering has impacted my life.
[strongly disagree]

[disagree]

I enjoy building things and doing projects.
[strongly disagree]

[disagree]
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Day 2 Simple Machines PowerPoint

ENGINEERING: SIMPLE MACHINES

Introduction to

Simple Machines
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What are they?
Photos should be a
square like this.

Simple machines are machines with few or
no moving parts that are used to make work
easier

Types of Simple Machines
Wedge
Wheel and Axle
Lever
Inclined Plane
Screw
Pulley
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Wedge
● Pushes materials apart, cuts things
● Examples: axe, doorstop, chisel, nail, saw,

jackhammer, bulldozer, snow plow, horse
plow, zipper, scissors, airplane wing,
knife, fork, bow of a boat or ship

Wheel and Axle
● Makes it easy to move things by rolling them,

and reducing friction
● Examples: car, bicycle, office chair,
wheel barrow, shopping cart,
hand truck, roller skates
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Lever
● Makes lifting weight easier by using a fulcrum to

redirect force over a longer distance
● Examples: see-saw, dump truck, broom, crane
arm, hammer claw, crow bar, fishing pole,
screwdriver, bottle opener

Inclined Plane
● Makes it easier to move objects upward,

but you have to go further horizontally
● Examples: highway or sidewalk ramp,
stairs, inclined conveyor belts, switchback
roads or trails
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Screw
● Turns rotation into lengthwise movement
● Takes many twists to go a short distance
● Holds things together
● Examples: screws, bolts, clamps, jar lids, car

jack, spinning stools, spiral staircases

Pulley
● Makes lifting things with a rope easier

by redirecting force and the addition of
additional pulleys
● Examples: flag pole, elevator, sails,
fishing nets, clothes lines, cranes, window
shades and blinds, rock climbing gear
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Why Use Simple Machines?
For the mechanical advantage…
• Making something easier to do, but it takes
a little longer to do it
• For example, going up a longer flight of
stairs instead of going straight up a ladder

Complex Machines
● Combining two or more simple machines to work together
● Examples:
○

Car jack combines wedge and screw

○

Crane or tow truck combines lever and pulley

○

Wheelbarrow combines wheel and axle
with a lever
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Summary
Wedge

Pushes material apart, cuts

Wheel
and Axle

Makes it easy to move things
by rolling them, and reducing friction

Lever

Helps lift heavy weights
using longer distances

Inclined
Plane

Makes it easier to move objects upward; a
longer path, but easier lifting

Screw

Turns rotation into lengthwise movement

Pulley

Makes lifting heavy weights easier
by redirecting force

References
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Day 2 Simple Machines Worksheet

Name:

Date:

Class:

Simple Machines Worksheet
1. Match the simple machine with its correct definition by writing the corresponding number
in the answer column.
Simple Machines Answer

Definitions

Lever =

1. Something that reduces the friction of moving something.

Inclined plane =

2. Something that can hold things together or lift an object.

Wedge =

3. A ramp

Screw =

4. Something that uses a rope and can change the direction
of a force.

Wheel and axle =

5. Something similar to a see-saw that can lift an object.

Pulley =

6. Something that can split an object apart.

Engineering: Simple Machines Lesson

37
Day 3 PowerPoint

INTRODUCTION TO ENVIRONMENTAL ENGINEERING

What is Environmental Engineering?

Definition: The application of science and engineering knowledge
and concepts to care for and/or restore our natural environment
and/or solve environmental problems.

38

Who does it affect?
Everyone & Everything!
§ Plants
§ Insects
§ Animals
§ Humans
§ Ecosystems
§ Our planet

What are environmental issues?
Air quality

Three areas:

Land quality

Water quality
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Air Quality
Why is air quality such a problem?

Poor air quality can lead to:

smog

acid rain

respiratory & other
illnesses

global warming

From where do air pollutants come?
Air pollution in China
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Air Quality
Air pollutant: A known substance in
the air that can cause harm to humans
and the environment.
§nitrogen oxides (NOx)
§sulfur oxides (SOx)
§carbon monoxide (CO)
§carbon dioxide (CO2)

effects of acid rain on plants

Greenhouse Gases & Global Warming
Global warming: An increase in the average air temperature of the Earth.
Greenhouse effect: Heat from the sun gets trapped inside the glass of a greenhouse
and heats up its air.
More carbon dioxide (CO2) being released in the atmosphere traps more heat.
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How do we reduce air pollutants?
§
§
§
§
§
§

carpool
hybrid cars
EPA government
regulation
NEW: geologic carbon
sequestration
alternative fuels
walk, bike or use public
transportation

Land Quality
§

Land pollution: Destruction of the Earth’s surface caused by
human activities and the misuse of natural resources.

§

Natural resources: Land and raw materials that exist naturally
in the environment undisturbed by humans.

§

Renewable resource: A natural resource that can be replaced
by a natural process.

§

Non-renewable resource: A natural resource that cannot be
produced or re-grown or reused.
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Examples
Renewable Resources

Non- Renewable Resources

What problems arise from land pollutants?
acid mine drainage

pesticides and herbicides

landfills
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How do we reduce land pollution?
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Day 5 Activity

FREE K-12 standards-aligned STEM
curriculum for educators everywhere!
Find more at TeachEngineering.org.

HANDS-ON ACTIVITY

Potato Power !
Quick Look
Grade Level: 4 (3-5)
Time Required: 45 minutes
Expendable Cost/Group: US $2.00
Group Size: 3
Activity Dependency: None
Subject Areas: Physical Science, Science and Technology
!"##$%&'()'*+,-&$./0&-1+12),34
4-PS3-2

Summary
Students use potatoes to light an LED clock (or light bulb) as they learn how a battery works in
a simple circuit and how chemical energy changes to electrical energy. As they learn more about
electrical energy, they better understand the concepts of voltage, current and resistance.
This engineering curriculum aligns to Next Generation Science Standards (NGSS).

Students use potatoes to light an LED!

Engineering Connection
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Engineers use batteries to store energy in a wide range of situations. A solid electrolyte battery
is most suitable in very extreme weather conditions, while nickel-zinc batteries work best in
electric vehicles. Energy engineers continually evolve technology to improve the performance
and life-cycle costs of batteries that store solar and wind energy. When designing a battery,
engineers keep in mind the needs of the application, and use different substances to create
current flow. They consider characteristics such as power output, ability to recharge, reliability,
size, safety, heat generation, length of life cycle, abuse tolerance, cost and ability to be recycled.
Isn't the power of engineering creativity amazing?

Learning Objectives
After this activity, students should be able to:
Describe the flow of electrical energy through a simple circuit.
Explain why a light bulb may take more than one battery to light up.
Explain the role of electrical engineers in the development of electricity sources and the
products that use electricity.

Educational Standards
" !"#$$%!"&'(!#&)&*+(,-)!$.,&).&!$(+)/+*/0!1!$.,&).&
" !2-33-)!2-*&!$(+(&!$(+)/+*/0!1!4+(5
" !6)(&*)+(,-)+7!8&.5)-7-9:!+)/!;)9,)&&*,)9!;/<.+(-*0!=00-.,+(,-)!1!8&.5)-7-9:
" !$(+(&!$(+)/+*/0

Materials List
To make a potato battery, each group needs:
3 copper pennies (or copper strips), one per potato
3 zinc nails; these are galvanized nails, available at hardware stores
5 insulated wires, 15-20 cm (6-8 inches) long, with alligator clips at the ends
1 low-current, light emitting diode (LED) clock (or LCD clock) requiring ~1.5 volts (or a
small LED)
OR above materials can be purchased cumulatively in a kit, available online
3 potatoes (fresh)
Make a Battery Worksheet, one per student
For the entire class to share or one per team:
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(optional) multimeter(s) or voltmeter(s); a multimeter measures current, voltage and
resistance of a circuit; available at Radio Shack or other electronics stores or websites

Worksheets and Attachments
Make a Battery Worksheet (pdf)
Make a Battery Worksheet (docx)
Make a Battery Worksheet Answers (pdf)
Make a Battery Worksheet Answers (docx)
Visit [www.teachengineering.org/activities/view/cub_energy2_lesson04_activity2] to print or download.

Introduction/Motivation
What is electrical energy? From where does it come? Can you think of anything that needs
electrical energy to work? How about lamps, music players, TVs and ovens? How do we get the
power to run these devices? What role do electrical engineers play in improving our lives?
One place we can find electrical energy in our homes is at a wall outlet. So, how does electrical
energy reach the wall outlet in our house? The energy comes from an electrical power plant,
which usually makes electrical energy from burning fossil fuels, such as coal and oil. The heat
energy from the burning fuel heats up water. When the water boils, it becomes steam, which
flows through a pipe into a turbine (a wheel with blades). As the turbine spins from the steam, it
turns a generator (a spinning magnet) that unbalances the charges in nearby atoms and
produces a current of electricity. The electrical current flows through protected wires to our
house.
How else can we power electrical appliances? That's right, from a battery. A battery works by
providing electrons with a solution in which they can move around. Have you ever noticed that
some batteries have a copper end that is positive (shown with a plus [+] sign) and another end
that is negative (shown with a minus [-] sign)? Zinc is a metal that likes to give its electrons to
copper. Usually, zinc just gives its electrons to copper and then the process stops. However, if
you provide the electrons with a solution (called an electrolyte) to help them move to the
copper, and you give the electrons a wire in which they can move from the copper back to the
zinc, you can produce a circuit and a flowing path of electrical energy. (Note: Conventional
current flows from positive to negative, so from the copper, through the wire, back to the zinc.
The electrons actually flow negative to positive.)
A circuit is a complete path of electrical energy. This means that electrical energy or charge is
produced or stored somewhere (voltage) and has a path for the charge to flow (or current).
Another part of a circuit is a resistance, such as a light bulb. Electrical engineers create circuits to
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help electrical energy perform work, such as lighting a room or keeping food cold. An appliance,
light bulb or almost any device that uses electrical energy is a resistance. A resistance prevents
or slows an electrical current or charge from moving. When electrical current flows through a
source of resistance, it can be changed into light or heat or sound. Even though you cannot see
it, the light bulb or appliance slows down the electrical charge.
Electrical engineers help develop the many modern products and appliances that require
electrical energy. Electrical engineers also help create the technology used to generate the
electrical energy in power plants in the first place. These engineers know a lot about circuits and
they continually work to find better ways to store electrical charge and generate electrical
current without using nonrenewable fossil fuels such as coal and oil. These electrical engineers
are very important in almost everything we do! Essentially, electrical engineers create
improvements for society and help save our planet for future generations. Today, we are going
to be electrical engineers and learn more about how electrical energy works in a circuit. We are
also going to look at generating electrical current from the energy stored in a potato! Do you
think we can light a bulb with a potato? Let's try it!

Procedure
Background

How does a potato battery work? The copper (Cu) atoms attract electrons more than the zinc
(Zn) atoms. If you place a strip of copper and a strip of zinc in contact with each other, many
electrons pass from the zinc to the copper. As they concentrate on the copper, the electrons
repel each other. When the force of repulsion between electrons and the force of attraction of
electrons to the copper become equalized, the flow of electrons stops. Unfortunately it is not
possible to take advantage of this behavior to produce electricity because the flow of charges
stops almost immediately. On the other hand, if you bathe the two strips in a conductive
solution, and connect them externally with a wire, the reactions between the electrodes and the
solution continually furnish the circuit with charges. In this way, the process that produces the
electrical energy continues and becomes useful. In a conductive solution, the charge is carried by
ions that move through the solution. In the solid state, the ions are not able to move around
freely. However, once they are dissolved in water, they become completely mobile. They can
"swim" around in the water and thus can respond to an electric current from a battery. That
current supplies electrons that cause positive ions to flow in one direction and negative ions to
flow in the opposite direction. The ions carry electrical charge from one electrode to another,
completing the electrical circuit.
For a conductive solution, use any electrolyte, whether it is an acid, base or salt solution. An
electrolyte is a substance whose aqueous solution contains various ions and thus conducts
electricity. Therefore, the more free ions a solution has, the better conductor it will be. Many
fruits and vegetables contain juices rich in ions and are therefore good electrical conductors.
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Like any battery, a potato battery has a limited life span. The electrodes undergo chemical
reactions that block the flow of electricity. The electromotive force diminishes and the battery
stops working. Usually, what happens is the production of hydrogen at the copper electrode and
the zinc electrode acquires deposits of oxides that act as a barrier between the metal and the
electrolyte. This is referred to as the electrodes being polarized. To achieve a longer life and
higher voltages and current flows, it is necessary to use electrolytes better suited for the
purpose. Commercial batteries, apart from their normal electrolyte, contain chemicals with an
affinity for hydrogen, which combine with the hydrogen before it can polarize the electrodes.
Before the Activity

Gather materials and make copies of the Make a Battery Worksheet.
With the Students

1. Divide the class into teams of two or three students each. Hand out the materials.
2. Direct groups to carefully place the zinc nails and copper pennies into the potato. Make
sure the two different metals do not touch each other in the potato (see Figure 1).
3. Connect one alligator clip to the end of the penny sticking out of the potato and another
alligator clip to the end of the nail sticking out of the potato (see Figure 1).
4. (If you have a multimeter) Tell students that a multimeter
is an instrument that measures current, voltage and
resistance of a circuit, and is a tool (created by and) often
used by engineers. Set the multimeter on a low "DC volts"
scale for voltage and "DC milliamps" for current, so
students can see the charge that one potato can produce.
Expect the potato to produce just less than 1 volt.
Encourage students to convert the decimal readout from
the multimeter to a fraction (for example, 0.82 volts =
82/100 volts).

Figure 1. Placement of the nail, penny and
alligator clips.

5. Have the students figure out how many potatoes they need to light their LED clock (or
clock). For example, if their potato produces a voltage of 0.8 volts, then they may need two
potatoes to power a 1.5 voltage LED.
6. Have students experiment to figure out how to connect two potatoes together. To connect
two potatoes in series (to add more voltage), place a penny and nail into a second potato,
and connect the wire from the zinc nail in the first potato to the copper penny in the
second. Then, add a third wire to the zinc nail in the second potato. Always remember to
connect the copper (positive) end of the potato (battery) to the zinc (negative) end of the
next potato (see Figure 2).
7. Expect two potatoes in series to be able to light an LED;
however, you might need three. Show students how to
connect the LEDs to the potato in the correct manner, that
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is, the positive end of the LED to the negative end of the
potato battery (zinc nail) and the negative end of the LED
to the positive end of the potato battery (copper penny).
8. Have students discuss how the potatoes provide the
electrolyte (solution) for the chemical battery to work. Ask
for suggestions of other foods we could try (for example,
lemons, berries, apples).
9. Ask students to complete the worksheet either individually Figure 2. Activity setup to create a potato battery
to power an LED clock.
or in pairs. After they finish, have them compare answers
with a peer or another pair, giving all students time to finish.

Vocabulary/Definitions
conductor: An object that allows the transfer of electrons.
current: The movement of electrons.
electrical energy: Energy produced through the movement of electrons (voltage X current).
electrolyte: A solution that conducts electricity.
energy: The ability to do work.
insulator: An object that inhibits the transfer of electrons.
resistance: Objects or substances that prevent the passage of a steady electric current.
voltage: The amount of energy produced.

Assessment
Pre-Activity Assessment

Brainstorming: In small groups, have students engage in open discussion. Remind them that no
idea or suggestion is "silly." All ideas should be respectfully heard. Take an uncritical position,
encourage wild ideas and discourage criticism of ideas. Ask students how many items they can
think of that run on batteries. As a class, record their ideas on the board.
Quick Poll: Before the activity begins, ask the class a question and tally their responses on the
board. Ask: Can we get electrical energy from a fruit or vegetable?
Activity Embedded Assessment

Worksheet /Pairs Check: Have students work individually or in pairs on the Make a Battery
Worksheet. After they finish, have them compare answers with a peer or another pair, giving all
students time to finish the worksheet.
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Hypothesize: Ask each group what would happen if we added more potatoes in a row to our
circuits? (Answer: Adding more potatoes in a row is the same as adding batteries in a row. The
voltage of each piece of potato is added up. Thus, the voltage of our circuit would increase. On
the other hand, the current of our circuit would not increase. Current is not dependent on how
many potatoes but is related to the size of each potato individually.)
Post-Activity Assessment

Problem Solving: Present the class with the following math problems and ask students to
calculate how many of each vegetable or fruit are needed to light the bulb.
If a lemon produces 1 Volt of energy, how many lemons would you need to light a 2 Volt
light bulb? (Answer: 2)
If a potato produces 0.8 Volts of energy, how many potatoes would you need to light a 1.5
Volt light bulb? (Answer: 2)
If a potato produces 0.8 Volts of energy, how many potatoes would you need to light a 3
Volt digital clock? (Answer: 4)
If you have a lemon that produces 1 Volt of energy and an apple that produces 1 Volt of
energy, can you light a 3 Volt clock? (Answer: No, you would need one more lemon or
apple.)
Diagramming: Engineers must understand how circuits work in order to develop cool new
technologies. Draw a picture of your potato battery. Label the battery (voltage) and the
resistance (light bulb). Draw an arrow to show the current flow (from the copper end to the zinc
end). List two cool products that an engineer could develop that run off a fruit battery.

Troubleshooting Tips
If the LED clock, light or small light bulbs do not work, check the setup of the potato battery.
Perhaps the ends are not all connected from negative to positive, or perhaps there is not enough
potato voltage. Check the voltage of the potato using a multimeter or voltmeter. Another
possibility is having enough voltage, but not enough current to light the bulb, which is why it is
recommended to use only very low-volt LED clocks or bulbs. Also, try using more potatoes (i.e.,
5 potato halves) to strengthen conductivity. Try different LED colors (for example, the blue LED
may work better than the red).
Lemons and oranges also work well for this activity. They work best if you first roll them on a
table top, which breaks down the cells inside so more juice flows through the fruit (current).
Some people have more conduction success using copper strips instead of copper pennies (can
also wrap the pennies in copper ribbon).
Soaking the potatoes in Gatorade overnight can make them more conductive.
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Activity Extensions
At activity end, before students disassemble their potato batteries, it is fun to have the entire cla
ss connect their fruit batteries in series, making "a serious tater circle."
Have students try the activity again using different fruits or vegetables! Many fruits and vegetab
les work, such as lemons, limes, apples and carrots. Have students compare and contrast the pe
rformance of different fruits and vegetables.
Have students complete the activity again using an electrolyte solution, such as salt water or vin
egar. Have them compare and contrast the performance of different electrolyte solutions.
To add a math component, have students use the multimeter to compare the flow of electricity f
or several different fruits as well as to the total amount of fruits used. Ask them to graph the res
ults and hypothesize what is happening.

Activity Scaling
Have more advanced students experiment with parallel and series configurations using different
numbers of potatoes.
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Day 7 Engineering Design Worksheet

ENGINEERING
DESIGN PROCESS
Ask

Imagine

Plan

Create

Test

Improve
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